



































































































































Course overview Spatiotemporal Biodynamics

Part I population dynamics and ecology

no space no genetics no environment

effect of replication and death predation

effect of interspecies
interaction

Coop vs competitive no mechanism

outcome growth extinction oscillatory phasetransitis

math coupled ODE stabilityanalysis
phase diagram

Part I Consumer ResourceDynamics

still no space but explicitly include resource

genetics e.g organism uh diffratriot
preference

trophism organism at diff levels offoodchain

biological issues Competition cheating symbiosis

Part Spatiotemporal dynamics

range expansion
and chemotaxis

Spatial patterns
in development

PDEs mathematics more involved teamprojects






































































































































Part I Population dynamics ecology

individuals ofspecies i in a population Ni

popdensity fi Niv

this course ignore
discretenatureof Ni

treat fita continuousvai.de

effectof demographic noise important for

evolution dynamics certain eclogicalprocesses

e.g invasion requires
stochastic dynamics PAY2100

A Intro to popdynamics

1 Logisticmodelofpop growth
individuals replicate at rate r no death

dff rsi SH So it is

I init density at t o

carrying capacity 5 common notation K

ᵈf rg 1 5 5 logistic eqn
Simplest eqn to produce thephenomenology
that pop grows and saturates off o as g 5






































































































































a phenomenological descriptionof the effect
of starvation crowding

Warning this is a phenomenologicalmodel

be carefulabout makingmechanistic

interpretation

f g
does not describe bacterialgunth in batch
will be discussed in detail in Part I

Asymtotic approach
to final steady state

let f H p felt 8 is notation for fit a 5

8s of Ss X 81 8518 rss

Sght α e
ʳᵗ same timescaleof approach
from above below

time to approachsteadystate from init audition

Exact solin rat

it ds 15

Lens lull 515 In

lmk.EE 15B






































































































































SH
to

5 to

fffeaf.ge
fits at ft at

5 fortosti at If
In 1 5 0

8 54
e e.ie

J

finite

i ti t lusts

time for population
so f HI foett to reach saturation

t

Why is the timescale for approaching 8
t vs

so different from above and below

e g for 5015 103 tx ̅ the 56 7 r

for 505 103 txt

Algebrainedly for fo 5 S 1

for lo f rg
15015T






































































































































Alternative visual inspection if the ODE
f s stable

8 rs f offsite

5
I

fixed point p unstable
flow jstowfixedpt

f p 0 close to fixed Pt

long time from
below reflect time to escape

from fixed point at 5 0

visual inspection important useful
because in most cases g It cannot be

solved analytically






































































































































2 replication predation
Include the effectofpoplossinto logisticgirth

ft rst f Llg

constant death rate
shifts reprod rate r

effectofpredationgenerally
density dependent

e g killing of
bacteriabyphage or eukaryotes

Leg
haste note effectof

bacteria on

predatorignored
here

ftp.iii AEi

f
iia

5
F 9 0

case i Shr
ii a Sf 514 8

in S r
iib s.es r5 4 8 0






































































































































a graphical analysis
i Ai

Stable fixedptatg.IT
78

carrying capacity
moderately reduced

in
pop always driven

s to extinction

iia af
critical dependence

on init density to

g
Allee Effect

Sc
two phases

if fosse then8H a o extinction

if g spe thenfH f 5 stableexistence

life or death depends on init condition


